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CUTTING A REDWOOD TREE 
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THE REDWOOD FOREST OF THE PACIFIC COAST 


By Henry GANNETT, 


U. S. Geological Survey 


Redwood is so called because of its color, which, when freshly 
cut, is a bright, though not deep, red, changing to a brown-red 
when thoroughly seasoned. The wood is soft, with a rather 
coarse, straight grain. It is easy to work, quite as much so as 
our eastern white pine. It contains practically no resin, but a 
large amount of water, which makes the green wood sa exceed- 
ingly heavy that often the lower log of a tree will sink in water. 

Botanically, the redwood (Sequoia sempervirens) is a brother of 
the big trees (Sequoia gigantea) of the Sierra Nevada, the two 
species being the sole living representatives of the genus Sequoi«. 
It is a cousin of the cedars, which it resembles in many respects, 
in habit and appearance, in bark and foliage. It is an immense 
tree, larger than the fir of Washington, but not as large as the 
Big Tree of the Sierra. If often attains a height exceeding 3800 
feet and a butt diameter of 15 feet. It rarely branches low, but 
almost invariably shows a straight, fluted trunk, perfectly sym- 
metrical, rising with a slight taper for, 200 feet to the lower 
branches. The bark is covered with thin flakes of epidermis, 
lying parallel to the stem. The foliage is dull green in color, 
fine and drooping. It is a most beautiful tree, both in form 
and color. 

The habitat of the redwood is peculiar. It is found only in 
a narrow strip, closely hugging the Pacific coast, stretching from 
the southern boundary of Oregon or just across the boundary— 
for there are perhaps 1,000 acres of redwood in Oregon—south- 
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ward through northern California, nearly to the bay of San 
Francisco. Indeed, a few scattering groves are found south of 
the bay, in Santa Cruz county and other localities, and there are 
evidences that not many centuries ago it extended over the Coast 
ranges as far south as Los Angeles; but in all this region it is 
now practically extinct. The densest forests are found in Hum- 
boldt county. In Del Norte county, on the north, the area is 
comparatively small and the forests somewhat less dense ; while 
in Mendocino county, on the south, where the redwood area is 
even greater than in Humboldt, the forests are not as dense, and 
in Sonoma county, still farther south, the timber becomes more 
scattering, thinning out into groves. Its habitat is a region of 
heavy rainfall, which comes in the winter, and of fogs which 
sweep in from the Pacific at all times of the year. It is a very 
moist, temperate region, both of which conditions appear to be 
essential to the growth of the species. On the north its range 
is probably limited by temperature, since the humidity is even 
greater in Oregon and Washington than in California. On the 
south it is probably limited by the diminishing amount of hu- 
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REDWOOD FOREST SCENE, ILLUSTRATING DENSITY OF GROWTH 
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midity. The species seems to require for its development a 
rather nice adjustment of temperature and moisture conditions, 
which are not found elsewhere, and, as will be seen later, do not 
at present fully meet the needs of the species, even in its present 
habitat. 

This is probably the densest forest on earth, as measured by 
that is, of timber suitable 





the amount of merchantable timber 
for the saw-mill—contained per acre. It is not the size of the 
trees alone which produces this, although they are exceptionally 
large, even in this state of large things, but it is the great num- 
ber of trees on each acre, the closeness of their stand. In a red- 
wood forest the sun never shines—it is always twilight. You 
are, as it were, under the roof of a vast temple, a roof of foliage, 
supported by great tree columns. 

In order to obtain a conception of the enormous stand of 
timber in the redwood strip, let me commence with some fa- 
miliar examples for comparison. 

The great pineries of the southern states contain, on an aver- 
age, about 5,000 feet, board measure, of standing timber per 
acre. Of white pine the heaviest county in Minnesota is esti- 
mated to contain an average of 5,000 feet, while others, regarded 
as forested, contain 1,000 to 2,000 feet; and a tract containing 
10,000 feet per acre is regarded as heavily forested. Contrast 
these figures with the following: The average stand of redwood 
upon 173,000 acres in Mendocino county is 44,000 feet per acre. 
There is here nearly nine times as much timber on an acre as in 
the southern pineries; yet even this is exceeded in Humboldt 
county. Upon 96,445 acres in this county the average stand is 
84,000 feet per acre, nearly seventeen times as great as in the 
southern states. The Jumber companies around Eureka, Cali- 
fornia, the principal center of the redwood industry, have real- 
ized, since they commenced operations, an average of between 
75.000 and 100,000 feet per acre, and one of these companies 
has for ten years cut an average of 84.000 feet per acre of red- 
wood alone, besides fir and spruce, which would increase the 
amount to nearly 100,00) feet. These last figures are not in any 
way estimates, but the actual products of the mills. The dis- 
proportion is even greater than appears here, for the standard 
for lumber used in the redwood country is much higher than in 
the east, and consequently the estimates of the amount of timber 


are correspondingly less. For instance, whereas in the east logs 
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eight inches in diameter are cut and sent to the mill, and knotty 
stuff is sawed, on the Pacific coast nothing less than 16 inches 
in diameter is sawed, and clear lumber only. If the redwood 
were used as economically as the southern pine, these estimates 
of its stand might easily be 50 per cent greater. The forests of 
Washington and Oregon are very heavy, but they by no means 
equal the redwoods in density. ‘The most heavily forested county 
in Washington, Skagit, contains an average on its forest land of 
but 28,000 feet per acre, and in Oregon the stand is no greater. 
Of course, there are in these states individual acres, and even 
square miles, which are vastly more heavily forested; but so, 
also, are there in the redwood strip. On Mad river, near Eureka, 
a lumber company is at work in a tract of several square miles 
which actually cuts 150,000 feet per acre. 

There is onrecord asingle acre, near Garberville, which yielded 
in the mill 1,431,580 feet inlumber. There was sufficient lum- 
ber on this acre to have covered it with a solid block of frame 
dwellings ten stories high. A redwood tree of average size, say 
five feetin diameter at the butt, furnishes enough lumber to build 
an ordinary cottage,and many trees have been cut each of which 
would suffice for half a dozen such houses. One tree is on rec- 
ord as having sealed 66,500 feet. A tree was felled in a lumber 
camp near Eureka in 1898 which was 16 feet in diameter inside 
the bark, and which sealed over 100,000 feet, and there is stand- 
ing in the same neighborhood, a tree 22 feet in diameter which 
scales nearly twice as much. Such examples of wonderful yield 
might be multiplied to any extent, but this would merely in- 
volve repetition. 

The redwood strip is composed of the westernmost of the Coast 
ranges, with the valleys between them. It is narrow at the north, 
in Del Norte county, where it is not over five to six miles in 
breadth. It widens in Humboldt county to an average of 10 to 
12 miles; then south of Eel river, in the southern part of the 
county, its continuity is broken for a few miles. At the north 
edge of Mendocino county it commences again, and in the cen- 
tral part of that county attains it greatest breadth, of perhaps 
20 miles. Farther south, especially in Sonoma county, the red- 
woods scatter, being found in detached clumps and groves, which 
become more and more scattering southward. The trees, how- 


ever, remain as large as elsewhere. 
The closest and finest growth is in Humboldt county, near the 
northernend. That portion in Mendocino and Sonoma counties 
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is not as heavy or continuous, nor are the trees as valuable for 
lumber, as they branch lower down. The wood is, however, of 
slower growth, is denser and harder. and perhaps more durable. 
The best lumber and the heaviest growth is everywhere in the 
valleys and on the flats. On the hillsides the trees are smaller 
and not so close. Nowhere is there any young growth. The 
youngest trees, which are found only in the northern portion of 
the belt, are several hundred years of age. 

When the timber has been cut there is no sign of reproduction 
from seed. In many localities sprouts are growing from stumps 
in the cut areas, but even this form of reproduction is limited. 
Indeed, everything appears to indicate that for some reason, 
probably a progressive drying of the climate, the present environ- 
ment is not favorable to the growth of redwood, and that with 
the clearing away of the present forests the end of the species as 
a source of lumber will be at hand. 

The area of the redwood belt has been carefully mapped, and 
is, as nearly as can be estimated, 2,000 square miles, or 1,280,000 
acres. The stand of timber on this area is not so easy to ascer- 
tain. The figures given above in this article are the best that 
have been obtained. I will recapitulate them with additions. 
In Del Norte county, out of 67,000 acres of redwood land, 11,000 
acres are estimated to contain an average stand of 60,000 feet. 
In Humboldt county, out of an area of 500,000 acres, 96,445 acres 
have an average stand of 84,000 feet, with a range in different 
tracts from 25,000 to 200,000 feet. These figures are corrobo- 
rated by the result of all the cutting done in the neighborhood 
of Eureka, where nearly all the lumbering of the county is done- 
The companies report an average yield of between 75,000 and 
100,000 feet per acre. In Mendocino county, out of a redwood 
area of 640,000 acres, 178,000 acres are reported to contain an 
average of 44,000 feet, with a range from 12,000 to 75,000 feet. 
In Sonoma county the timber is so scattering that the total 
amount, which is spread over an area of some 75,000 acres, is 
comparatively slight. 

Using the above figures, we obtain as the amount of standing 


redwood the following: 
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To appreciate the magnitude of these figures, it may be said 
that the annual cut of lumber in all the mills of the United 
States is about one-third of this amount. The redwood strip 
alone would therefore supply the entire country with mill timber 
for three years. 

Many estimates of the amount of standing redwood have been 
made, with results widely at variance with one another. ‘The 
area of the belt has long been pretty well known, and the dis- 
crepancies among the estimates seem to be due mainly to differ- 
ences in the estimated stand peracre. The first estimate that I 
find was made in 1881 by John Dolbeer, of Eureka, who gave 
25,650 million feet. At about the same time Mr E. I. Allen, 
secretary of the Redwood Manufacturers’ Association of San 
Francisco, made the estimate published in the report of the tenth 
census, Which was 25,825 millions. In 1885 Mr Hubert Vischer 
published, in the report of the California State Board of Forestry, 
an estimate of 380,500 millions, and in 1890 Capt. A. C. Tibbetts, 
secretary of the Humboldt Lumber Manufacturers’ Association 
of Eureka, estimated it at 97,500 million feet. 

The area seems to be generally agreed upon as being from 
1,000,000 to 1,280,000 acres. The measurements from the best 
map available, that of the State Board of Forestry, give the 
latter figures. It is out of the question that the redwood lands 
yield, on an average, so little as 20,000 to 50,000 feet per acre. 
All estimates of stand and all records of cut show yields far in 
excess of these figures; and it cannot be contended successfully 
that these estimates and records relate only to selected areas far 
above the average. There is, as yet, very little selection of timber 
lands taking place. The whole territory is so heavily forested 
that it is no advantage to select those most thickly clothed with 
timber, but rather a disadvantage. The only selection yet made 
has been on the score of accessibility by stream in earlier times 
and by rail route at present. I consider, therefore, that the fig- 
ures quoted above, which represent 280,000 aeres out of 1,280,000, 
or nearly one-fourth of the entire area, together with the records 
of the entire amount cut in Humboldt county. furnish a fair 
sample of the stand in the belt. Captain Tibbetts’ estimate seems 
to me, under present logging conditions, much too high, but I have 
no reasonable doubt that his amount will eventually be cut from 
the belt, owing to the economies to be effected in the future. 

The annual cut by the mills, excluding other uses to which the 
wood is put, such as firewood, shingles, ties, posts, and poles— 
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for such uses are not considered in the estimate of the stand—is 
250,000,000 feet. At the present rate of cutting. therefore, the 
supply will probably last for three hundred years. 

The rate of cutting will, however, increase and, as transporta- 
tion is cheapened, may increase many hundred per cent. For 
instance, the completion of an isthmian canal will open up the 
entire market of the eastern states, where redwood will inevita- 
bly replace white pine. causing an immense demand. On the 
other hand, with the increased demand will come increased 
economy in the utilization of the wood. At present only about 
one-third of the tree emerges from the mill as sawn lumber. 
Nothing but clear lumber is sawed. One may go through miles 
of lumber yards at Eureka and examine millions of feet of lum- 
ber without finding a knot or, indeed, an imperfection of any 
kind. The upper branched third of the tree is left in the woods. 

In felling the tree there is much damage done. Although great 
careand skill are exercised, the fall of one of these giants, weigh- 
ing scores of tons, not infrequently splinters them ; occasionally, 
too, a tree falls across its fallen fellows and thus produces great 
destruction. 

In the mill the amount of lumber is diminished, first, by the 
slabs cut from the outside of the log, and, second, by the saw- 
dust. This last is an item of great importance, especially where 
circular saws are used. The great saws used in the first cutting 
of the logs makea cut five-eighths of an inch in thickness. This 
means that if the log were cut directly into inch boards, more 
than one-third of the wood would be converted into sawdust ; 
but this is not often done. The log is commonly first cut into 
thick planks and beams, and these are subsequently cut into 
smaller dimensions by smaller, thinnersaws. Moreover, in most 
of the great mills today the first cutting is done by band saws, 
which are much thinner, and consequently convert less of the 
log into sawdust. 

There is one cause of destruction from which this tree is en- 
tirely exempt—that is, fire. Containing no pitch, but, on the 
other hand, a large amount of water, it will not burn when green. 
No fire can run in a redwood forest. We shall, beyond reason- 
able question, have the use of our supply of redwood ; shall not 
have the pain of seeing it go up in smoke. It is the only one 
of our coniferous lumber trees which is thus exempt. 

The redwood is entirely in private hands, having long ago 
passed from government ownership. It is mainly held in small 
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tracts by a great number of persons, but a few of the lumber 
companies have large holdings. Classifying the 280,000 acres 


above spoken of by holdings, it appears that— 


Of a quarter section, 160 acres or less, there were... 6 holdings 
From } section to a section (640 acres) ........... 7 7. 
Brom l-section to: 4 Sections:.«..:.. 05:5 3% snes ee: es 
PTOM 4:SeChiOns tO 1S SOCHODR, «is 3.5.i04.0..caceisicee 1] ss 
From 18 sections to a township.............. a ef = 
OVGriAstO WBE: cis:c;scsce chives trite ge speseeRhie alate Wie Ui 3 fe 


The last were tracts of 30,000, 30,000, and 27,000 acres. The 
above are the holdings of lumber and mill companies. Whether 
this classification properly represents the character of the hold- 
ings of the entire belt is doubtful. It is probable that the hold- 
ings of those not owners of mills or logging camps are smaller. 

The forest is nearly pure redwood. Occasionally spruce and 
Oregon pine—that is, red fir—are found, forming perhaps 10 
per cent of the forest only. The southern part of the strip is, on 
the whole, composed of older trees than the northern part, and 
the wood is denser and of less rapid growth. In the north are 
some tracts covered with trees not more than 200 or 300 years 
old, while the age of the mature trees reaches several hundred, 
perhaps a thousand years. The annual rings show that in the 
north, especially in damp valleys, the growth is several times as 
rapid as in the southern part of the strip. 

The methods used in logging are, in the main, similar to those 
employed in the great fir forests of Washington, but with slight 
modifications to fit different conditions. The use of animals, 
such as oxen and mules, for dragging the logs from the woods 
is over; so are the days for driving logs in streams. More 
modern methods are universally employed. Indeed, the most 
modern methods of labor saving are here in use. In every re- 
spect a redwood logging camp and a redwood lumber mill are 
thoroughly up to date—nay, more, they are the pioneers in labor- 
saving devices. The trees are felled in this wise: They are 
chopped half-way through on the side on which they are to fall, 
and then the other half is cut with the saw. Two days’ work of 
two men is required to fell a tree five feet in diameter. The 
felling must be done with the utmost accuracy, as the trees stand 
so thickly that when felled they cover the ground completely, 
and yet they must not be allowed to fall on one another, as that 


would involve great loss by breakage. 
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The felling is done in the winter, the season of rains, when the 
ground is solt, and the trees are left lying on the ground until 
late spring, when things have become drier, when the whole 
thing is set on fire. This fire burns the brush and branches and 
much of the bark, but does not injure the trees themselves, which 
are still too wet to burn. Then the work of cutting up the trees 
and getting the logs out begins. The trees are sawed by hand, 
with whipsaws, into logs, generally 16 feet in length, although, 
greater lengths are not infrequently cut for special needs. ‘The 
big logs are split into halves and quarters for convenience in 
handling and sawing. From the end of the railroad, for railroads 
have taken the place of streams in the transportation of logs, a 
road is built to the logged area. This may be merely a dirt road, 
of hard, compact clay, kept wet and muddy by liberal applica- 
tions of water, packed in bags on horses, or it may be askid road, 
paved with small logs, laid crosswise at short intervals, and like- 
wise kept slippery. A force of 50 to 75 men is employed, and 
two donkey engines. ‘The latter do all the work, taking the place 
of oxen and mules, and to a great extent of men, in the labor of 
moving logs about in the woods and dragging them down to the 
railroad. 

The donkey engine in the woods is anchored by wire cables 
to stumps, at a strategic point, so that in subsequent operations 
it will move the loz and not itself. Then a wire cable, attached 
to a drum on the engine, is carried through pulleys to the log to 
be moved, and is attached by hooks, so that by winding up the 
cable on the drum the log is moved to the desired position: 
Often much ingenuity is required for the proper placing of pul- 
leys in order to produce the desired result, but in all cases the 
machine, directed by experienced heads, does its work quickly 
and effectively. It is extremely interesting to watch the varied 
operations of a donkey engine in handling the logs and clearing 
away the waste lumber and not the least interesting part of it 
is the quickness and clear comprehension of the men. There 
is no fuss or noise; everything in the varied operations goes on 
quietly and smoothly. If the foreman gives instructions they 
are general ones, and in detail each man knows his part. recog- 
nizes what he has to do, and when to do it. Soon a train of logs, 
10 to 12 in number, is on the road chained together tandem ; 
then the cable-donkey is called upon. This is a stationary en- 
gine, located at the end of the railroad. From its drum goes a 
wire cable along the road up to the slashings, just like the cable 
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of a street-car line, except that the cable is on the surface in- 


stead of below it. This cable is fastened to the leading log of 


the train, the engine is started, and the train moves railroad- 
ward. Just in advance of the train walks a man with a bucket 
with which he dips water from tubs along the road and wets the 
track. Arrived at the end of the railroad, a third engine is put 
to use in loading the logs on the railroad trucks by the use of 
wire cables. Here the logs are scaled and measurements re- 





A TRAIN LOAD OF LOGS 


corded. When the train is loaded it is hauled down to the mill 
and the logs dumped into the water, there to lie until their turn 
comes for conversion into lumber. 

The work in the woods is hard. Although every device is 
used to reduce manual labor, there remains sufficient to make 
this one of the most wearing of physical occupations, and it is 
said that few men can stand the strain for any great period. 
The work is also extremely dirty, owing to the burning, so that 
the men look like stokers. Naturally, this work commands high 
pay, and with high pay a superior class of men, both physically 
and mentally, are obtained. I took dinner one day in a camp 
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with about 75 men, all splendid specimens of manhood and all 
faces, hands, and clothing—from the charcoal 





black as negroes 
in which they work, but well read, intelligent, and interested in 
the doings of the outside world. 

The mills of the redwood strip are as progressive and up to 
date as are the logging operations. The logs and the lumber 
are moved and handled everywhere by machinery in the most 
complete and ingenious manner. They are drawn from the 
pond up into the mills and are rolled on to the carriage and 
moved into place for the saw by ingenious devices operated by 
steam. The logs are sawed by band saws—a continuous band 
of steel, with teeth cut on one edge, running over drums above 
and below. This is preferable to the circular saw for two rea- 
sons: it can saw a log of almost any size, which the buzz saw or 
any combination of buzz saws cannot do; and, second, since it 
can be made much thinner than the buzz saw, there is less waste 
of wood in sawdust. In some mills the band saws have teeth 
cut on each edge, so that a cut may be made both as the log 
moves forward and backward. The boards, beams, joists, plank, 
etc., as they come from the band saw, are distributed by rollers, 
steam-worked, to the proper parts of the mill for future cutting, 
while the slabs and other waste are similarly carried off to waste- 
heaps. The lumber, as it comes from the band saw, is edged, 
cut to smaller dimensions, ete., by small circular saws, in some 
cases harnessed in gangs, so that several cuts are made at once. 
To watch the wheels go round in one of these big mills is a most 
entrancing occupation. 

Redwood is in almost universal use on the California coast. 
In the construction of houses little other timber is used, even as 
far south as Los Angeles and San Diego. It is exported as far 
south as Valparaiso, Chili, and westward to Japan and Australia. 
Indeed, considering its cheapness, $14 per thousand feet in 
Eureka for the best, it seems strange that it has not found its 
way in quantity to the Atlantic coast. Certain it is that before 
many years redwood will supplant the now vanishing white 


pine in eastern markets. 

















IS CLIMATIC ARIDITY IMPENDING ON THE PACIFIC 
SLOPE? THE TESTIMONY OF THE FOREST 
By J. B. LeiBerG 


The extension of explorations and observations in the region 
of country west of the Rocky mountains tends in many ways 
to develop and confirm the proposition thata steadily progress- 
ive aridity is slowly replacing former more humid climatic con- 
ditions. This change is manifest in various ways—most conspic- 
uously in the decreasing volume of water in many of the lakes 
and streams throughout the region, as shown by the existence 
of former beach lines at higher levels, and in the profound dis- 
turbances and modifications taking place in the native flora. 
The phenomena which follow the advance of aridity are not 
limited by altitude; for, while the desert conditions at low ele- 
vations exhibit them in their most intense aspect, they are also 
clearly traceable to the highest summits, where gradually dwin- 
dling glaciers and abnormally high extensions of certain lowland 
types of forest show the general trend of the climatic change. 

In the general exhibition of increasing aridity there are to be 
noted two important distinctions. One is dependent upon cli- 
matic effects, the other upon the relief of a region as affecting 
the drainage, and is termed soil aridity. Excellent examples 
of the latter occur on the plains of the Columbia, where the 
great coulées or sunken water channels, which traverse the plains 
in all directions, are separated by comparatively narrow blocks 
of plateau-like country. The drainage from these elevated tracts 
is extremely rapid. As a consequence, their summits and slopes 
are left without sufficient soil moisture during the growing season 
to maintain a forest stand, although the annual precipitation is 
high enough to make tree growth possible, were the drainage 
conditions different. Similar examples occur in the forested 
subhumid and humid regions, where any large area on which 
temperature and precipitation are practically the same through- 
out often shows a growth of species belonging to the drier areas 
in the midst of the humid groups of trees, merely because the 
angle of slope in some localities favors a more rapid drainage 
than upon the contiguous areas. Similar effects are sometimes 
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produced by excessive porosity of soil. Loose sand and gravel 
or volcanic ashes are poor conservators of moisture, and part 
with it readily, both through evaporation and percolation. Soils 
of these sorts are not common, however, in these regions, where, 
as a rule, moisture-retentive qualities are the predominant char- 
acteristics. In the following discussion the question of soil 
aridity is eliminated and the effects of climatic aridity alone 
are considered. 

The variations of plant life which accompany the encroach- 
ments of aridity are diverse and often very complex: Innumer- 
able general modifications and adaptations occur, mostly tend- 
ing toward a more or less successful resistance to the stress 
imposed by drier climatic conditions. Local peculiarities, de- 
pending on adjacent heights or depressions, specialize—that is 
to say, they lessen or increase the general degree of aridity prev- 
alent over any large area, thereby favoring minute adaptations 
or gradual transitions to more extensive and pronounced modi- 
fications. 

In the region west of the Rocky mountains, the forest as a unit 
is the type of vegetation which, aside from the purely aquatic 
element of the flora, suffers a more profound disturbance of its 
equilibrium and is more quickly and thoroughly driven out by 
the advancing aridity than any other. In the herbaceous and 
to a lesser extent in the suffrutescent flora there is a gradual 
evolution of new forms, or of entire groups of certain types, to 
meet the changing environments. Itis doubtless true that many 
herbaceous and shrubby species have gone under in this strug- 
gle within recent geologic times, while others are so rare and 
scattered as to warrant the assumption that they, too, are rap- 
idly approaching extinction; but, on the other hand, there are 
many groups possessing the power of adaptation in a high de- 
gree, and through the slow development of modifications or by 
evolution of what we term species, they are enabled for a time 
to withstand successfully very adverse conditions, 

It is different with the forest growth in this region. Over- 
whelmingly composed of cone-bearing trees, representing com- 
paratively few species, it has an extremely narrow margin for 
the evolution of new forms or species. The fact stands out clear 
and distinct that most of the types and species of the order of 
conifer west of the Rocky mountains possess the power of adap- 
tation only in a very limited degree. Their outlying forms are 
few and only vaguely definable. It is true that we can recog- 
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nize differences such as that of texture and color of wood, varia- 
tions in bark characteristics, or in the general port of the various 
individuals of a species upon any given area, but the differences 
are not such as to indicate that they constitute a definite and 
sharply determined trend in adaptability. They rather convey 
the impression that they are a series of expiring gasps of a type 
of vegetation which reached its culminating point of develop- 
ment immensely far back in time, and is now on the road 
toward complete extinction. 

The forest areas in this region which have been more closely 
examined than any other in relation to the effects of increasing 
aridity are the tracts adjacent to and encircling the Columbia 
watershed in Idaho, eastern Oregon, and eastern Washington. 
We shall first examine the tracts lying within these limits, thence 
passing to others elsewhere, not so well known. 

When the coniferous flora of the region is investigated it is 
found that certain species have a far higher ratio of endurance 
to conditions of aridity than have others. This might be taken 
to indicate a certain degree of adaptability, but the strongly 
marked characters which separate the species were acquired 
ages ago, and, with the exception of one or two species, do not 
in our region in the present age show any marked evolutionary 
tendencies. 

The minor effects of the encroachment of aridity upon the 
forested areas are many, but comparatively unimportant. 

The greater effects are contained in one general phase, which 
strikes at the very foundation of the species’ existence. It con- 
sists in a gradual loss of reproductive power in the individual 
trees, and hence in the species as a unit, and is marked by two 
periods. In the first we have a gradual crowding back to more 


humid tracts of such species as require a considerable degree of 


soil and atmospheric moisture for their growth. They are re- 
placed by others capable of enduring subhumid or distinctly 
semi-aridenvironments. In thesecond period we havea gradual 
crowding out or a complete extinction of the species of replace- 
ment, hastened or caused in the latter, as in the former, case by 
a loss of reproductive vigor, and a final complete deforestation 
of the particular area and the creation of a treeless region. 
There are three general types of climatic conditions to which 
the term arid will apply. They are semi-arid, arid, and desert. 
As here employed, the semi-arid are regions not necessarily de- 
forested, but which support a tree growth of peculiar species in 
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other localities than in proximity to streams and lakes; the arid 
are regions completely deforested, away from streams and lakes, 
natural or artificial, but which bear an often rich and varied flora 
of herbaceous and suffrutescent vegetation ; the desert are tracts 
without vegetation. The two former are abundantly represented 
in this region by very large areas, as we shall see. The third, or 
the desert, does not exist here. It is common to speak of “ the 
desert regions of eastern Oregon,” for example, but the fact is 
that in no place has aridity reached its third and last stage. 
When herbaceous vegetation is absent, as on certain alkali flats 
east of Steins mountains, or on drifting sand-dunes along the 
Columbia and on the plains of eastern Washington and north- 
eastern Oregon, it is due to local soil conditions, not to absence 
of sufficient precipitation. 

To facilitate a more detailed examination of the various forest 
conditions, as modified by increasing aridity, the region under 
consideration will be divided into certain classes or zones. These 
zonal distinctions have reference solely to the amount of pre- 
cipitation which each class receives without regard to altitudinal 
limitations, and will be designated arid, semi-arid, subhumid, 
and humid areas. ; 


THE REGIONS OF ARIDITY 


The regions of greatest aridity north of the 42d parallel of lati- 
tude between the Rocky mountains and the Cascades are found : 
in Idaho, on the Snake River plains; in eastern Oregon, on the 
plateau areas between the Snake and the Owyhee rivers on the 
one hand and the Steins mountains on the other; in the region 
bounded by Crooked river and Malheur lakes and river on the 
north, Steins mountains on the east and the northern boundary 
of Nevada on the south, and in the Deschutes depression be- 
tween the Blue mountains and the Cascades; in eastern Wash- 
ington, north of the Snake and east and south of the Columbia 
river. 

The aridity which prevails upon these areas is of various de- 
grees of intensity, depending more or Jess upon local conditions 
and the proximity or distance of humid, snowy mountain ranges. 
In eastern Washington the driest section is situated at the east- 
ern base of the Cascades, and extends eastward some 60 or 70 
miles, gradually merging into uniform semi-arid and subhumid 
conditions as the moisture-condensing Bitter Root ranges are 
approached. In eastern Oregon the most arid tracts are found 
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to the west of the Owyhee, extending in a westerly and north- 
erly direction 100 to 120 miles. In eastern Washington the Cas- 
cade range evidently contributes largely to the aridity which 
exists on its east slope, and is therefore a local factor; but in 
eastern Oregon the most arid tracts lie at a distance of 200 
miles or more east from the Cascades, and owe their origin to 
the interception of the moisture-laden westerly and southwest- 
erly winds by the Sierra Nevada, and in a lesser degree by other 
intermediate ranges. Irrespective of local conditions, however, 
it can be stated as a general proposition, borne out by observed 
facts, that the crest of the advancing wave of aridity in the in- 
termontane region of southern Idaho, eastern Oregon, and east- 
ern Washington is traveling from the southeast toward the north 
and northwest. The tracts termed arid bear no forests. It is 
true that narrow fringes of trees skirt many of the rivers or creeks 
which meander through these areas, but the growth is made pos- 
sible only by the humid or subhumid soil conditions due to 
proximity of streams, and cease at short distances from their 
banks. 

Looking backward in time, there are abundant proofs that 
many of the now treeless tracts once bore a forest covering. 
Silicified wood is found in thousands of localities in the region 
where no tree growth is now possible, owing to insufficient pre- 
cipitation, and its occurrence on the surface of these plains, not 
as transported material, but in place, argues in favor of the hy- 
pothesis that the extinction of this forest growth does not date 
back so very many centuries. The fossil wood, where it occurs 
on the treeless areas, is found resting directly on the volcanic 
rocks, indicating that sufficient time has not passed since the 
forest grew there to change the surface in any perceptible de- 
gree. ‘The fossil woods referred to consist of remains of oak and 
probably of pines and junipers, and if not wholly identical with 
species that now exist in the adjacent regions are very closely 
related. There are also many localities on these arid tracts where 
are found fossil plants of Tertiary age imbedded in rock, deeply 
covered with basalt, but they belong to a period when specific- 
ally distinct climatic conditions, as compared with those of our 
age, prevailed in the region, and are not here considered. ‘The 
areas classed as arid exist in many localities in this intermon- 
tane region. The most extensive have already been noticed ; but, 
favored by local conditions, many small lobes from the main body 


of aridity stretch out on all sides. That they should penetrate 
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into the areas we term semi-arid is to be expected, as they are 
but a step removed, but it is rather surprising to find them in 
the midst of subhumid conditions ; yet such is exactly the 
case. Along the eastern base of the Cascades many of the south 
and east-facing slopes are distinctly arid, though surrounded by 
and adjoining decidedly subhumid regions. Similar conditions 
are encountered on the east, south, and west slopes of the Powder 
River mountains, on the plateau areas between the Clearwater and 
the Salmon rivers, in Idaho, and even in scattered localities north 
of the Snake, among the terminations of the western spurs of the 
Bitter Roots. Crossing the Bitter Roots and entering the basins 
and plateaus on the west slope of the main range of the Rocky 
mountains, we once more meet these extensions of arid con- 
ditions projecting into the subhumid regions. They are very 
well marked in the region of the Blackfoot basins, where they 
cross the main range and connect with the arid upper Missouri 
plains through the comparatively low passes at the head of the 
Blackfoot tributaries; thence stretching westward, they cover 
large areas of the Clark fork of the Columbia basin, and follow- 
ing the valley of this stream approach to within 60 or 70 miles 
of the eastern Washington plains. In the Clark fork watershed 
these arid extensions are usually bordered by a margin of semi- 
but in many places they 





aridity—their penumbra, as it were 
join and exist in the midst of the subhumid timbered tracts 
without any semi-arid transitions. The causes which operate 
to bring about these apparently erratic and sporadic advances of 
arid conditions are not very clear. Where they occur in prox- 
imity to the general body of aridity their presence is easily ex- 
plained, but we find such tracts covered with herbaceous and 
shrubby vegetation peculiar to very arid regions in the midst 
of a forest of yellow pine, or even higher, where the elevation 
borders on the subalpine. These isolated spots might be com- 
pared to sparks wafted far inadvance of a coming conflagration, 
each one constituting a nucleus for the further spread of its own 
peculiar conditions. 

The altitude of the arid tracts varies considerably. At the 


junction of Snake and Columbia rivers it amounts to less than 
150 feet above sea-level. On the southeastern Oregon plateau 
it rises to fully 6,000 feet on the slopes of various ranges, such 
as Steins mountains, the ranges to the east of Warner lake, and 
on unnamed heights between the Paulinas and Malheur lake. 
Farther north we find the arid tracts at elevations varying from 
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600 feet to 3,000 feet on the eastern Washington plains and from 
4,000 feet to 5,000 feet in the regions between the Bitter Roots 
and the main crest of the Rocky mountains. 


THE REGIONS OF SEMI-ARIDITY 


From the arid regions we enter those termed semi-arid. We 
meet here a forest growth. It is one which throughout these 
regions is strictly typical of semi-arid environments. As it comes 
most closely in contact with the highest degree of aridity and 
has to bear the full force of the ultimate and permanent defor- 
esting processes, its condition and aspect become doubly inter- 
esting. This forest growth is wholly composed of junipers 
belonging to the following species: 

Juniperus monosperma, One-seeded juniper. 
Juniperus occidentalis, Western juniper. 
Juniperus scopulorum, Mountain juniper. 


They occur in the various semi-arid districts as follows: West- 
ern juniper, in eastern Oregon and probably on the Snake River 
plains; mountain juniper, on the areas between the Rocky and 
Bitter Root mountains, thence extending into the eastern Wash- 
ington plains; one-seeded juniper, on the Snake River plains 
and along the hills bordering this river valley nearly to its con- 
fluence with the Clearwater. 

The western juniper is the most abundant of these species and 
forms true forests. It occurs as close and absolutely pure stands 
in many localities. The most extensive are found in Crook and 
Wasco counties, in Oregon, where it covers areas of over 100 
square miles, with a stand twice as heavy as the ordinary stand of 
yellow pine in Oregon and Washington. Outside of these large 
tracts the species occurs in small groves or aggregates, or as scat- 
tered individuals, throughout most of the plains region of east- 
ern Oregon. These juniper forests exhibit clearly the second 
period of the general phase of progressive extinction, that of 
deficient reproductive capacity. 

The western juniper reaches large dimensions on the eastern 
Oregon plains. Individuals occur with basal diameters up to six 
feet. It is a species of slow growth, centuries being required to 
produce such large trees as just noted. In examining the stand, 
one is struck by the great preponderance of old trees, the com- 
paratively small percentage of young, and the marked deficiency 
of seedling or sapling growth. It is noticeable that the older 


trees produce enormous quantities of galbuls—juniper berries— 
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but on examination one finds that most of them contain only 
aborted seeds. Round about the trees the ground is thickly 
strewn with berries, but the lack of seedlings proves how few of 
the seeds possess germinating power and indicates that the gen- 
eral climatic conditions are not favorable to seed germination. 
In many localities extensive burns are found. They have ray- 
aged the edges of the forests or plowed wide swaths through what 
once were very dense and uniform stands. Some of these burns 
are very old, the stumps indicating that perhaps a century or 
more has passed since the fires. Others are comparatively re- 
cent. Reforestation does not take place on the burned-over areas. 
They become a part of the adjacent, arid, treeless tracts. Places 
occur in the midst of heavy stands entirely devoid of trees and 
stumps. Itis probable that they represent extremely ancient 
burns, showing that reforestation in the juniper growth has prac- 
tically ceased on areas contiguous to the main body of aridity. 
It is not alone when fire has swept the juniper forest out of ex- 
istence that one notices a lack of reforestation. It is also to be 
seen adjacent to settlements where the growth has been cut clean 
for domestic uses, and the great number of detached groves and 
scattered individuals dispersed over the plains are arguments in 
the same general line. It is, of course, impossible to say with 
absolute certainty that all these outlying groups are parts of a 
uniform juniper forest, which once extended over the entire 
plains regions of eastern Oregon, yet from analogy we are justi- 
fied in concluding that such is the fact. The fires and direct 

human agencies which are cutting into the larger bodies of for- 
est at the present time produce just such detached groves and 

scattered individuals, and the gaps give every promise of remain- 
ing permanently deforested. 

The forest of western juniper extends up to the subhumid 
areas, where it meets the western yellow pine. It even goes be- 
yond a strict line of demarcation and penetrates several miles 
into the yellow-pine areas. It has been noticed that in many 
places the juniper produces an abundance of fully developed 
seeds and a plentiful supply of seedlings where it comes in con- 
tact with the subhumid regions. Such would bea natural result 
of the more favorable moisture conditions prevalent there. 

Accompanying the front of the semi-arid wave, comes a tree 
which, in these regions, can endure neither the same high degree 
of aridity as the juniper nor so great a humidity as the vellow 
pine. This is the mountain mahogany, Cercocarpus ledifolius, 








168 THREATENED ARIDITY ON THE PACIFIC SLOPE 


which therefore furnishes an excellent indication of the limits 
of the quasi semi-arid and lower subhumid conditions which 
mark the front of the semi-arid advance and the rear of the sub- 
humid retreat. The mountain mahogany occurs, therefore, in 
numerous localities all along the edge of this debatable ground 
and mingles not alone with the yellow pine, but in many in- 


stances also with the lodgepole pine, ascending to elevations of 


7,000 feet. 

Crossing from the eastern Oregon plains to those of the Snake, 
in southern Idaho, we find a growth of the one-seeded juniper, 
Juniperus monosperma, Comparatively little is known of the 
growth and distribution of the junipers on the Snake River 
plains, but this species is one which prevails largely on the arid 
regions in Utah, and should, perhaps, be regarded as being 
pushed toward the north through the stress of increasing aridity 
farther south. Coming into the interior Rocky Mountain region, 
we meet a juniper much resembling the Virginian juniper or red 
cedar of the east. It is the species named mountain juniper, 
Juniperus scopulorum, a small tree or shrub. It occupies more 
or less closely the semi-arid regions on the west slope of the 
range, doubtless extending across to the eastern declivities along 
the lines of semi-aridity. This juniper can endure a greater 
degree of humidity than the other two species mentioned. So 


far as it has come under my observation, it reproduces itself 


freely. It has not yet encountered a stress of arid conditions 
excessive enough to lower its seed-producing capacity beyond 
the balance point. It extends along various of the mountain 
streams into the plains of eastern Washington, usually keeping 
close to the streams. It does not spread into the open plateau 
region of this state to any noticeable extent, indicating that the 
semi-aridity of the interior Rocky Mountain basins, where the 
tree grows on hillsides and in valleys alike, is not so intensive 


as on the open plains of eastern Washington. 
THE SUBHUMID REGIONS 


Adjoining the region of semi-aridity lie the subhumid belts. 
Four species of conifers are of common occurrence here. They 
are: Western yellow pine, Pinus ponderosa a red fir. Pseudotsuga 
mucronata ; lodgepole pine, Pinus murrayana, and great. silver 
fir, Abies grandis. Their endurance of dry soil and climatic con 
ditions is in the order named, the yellow pine ranking highest 


and the great silver fir lowest in the scale. 
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The western yellow pine occurs generally throughout the en- 
tire subhumid area in this region. In course of time it has 
succeeded in establishing a high degree of adaptability to the 
desiccating climatic changes, and it therefore forms the extreme 
rear of the coniferous growth in the subhumid belt, receiving 
the full foree of the oncoming semi-aridity. While the tree thus 
shows its drought-resisting power, itis erroneous to suppose that 
it has reached a stage of adaptation where it absolutely requires 
dry regions for its development. ‘The heaviest stands of western 
yellow pine that have come under my notice, varying from 380,000 
to 50,000 feet B. M. per acre, occur in small patches in the Selway 
basin of the Bitter Root forest reserve, where the precipitation 
probably is not less than 70 or 80 inches per annum. Where 
the species is found under such conditions, it is fair to assume 
that it represents the more ancient form, capable of enduring 
more humid environments than the forms which now make up 
the bulk of the species in these regions. Asarule, however, the 
tree occupies the lower areas of the subhumid regions, and is 
mostly of open or scattered growth. 

Coming now to the effects of semi-aridity upon the growth of 
this species, we may observe that as a rule it has not progressed 
far enough to seriously affect its reproductive capacity over any 
very large area. We find, however, where the species borders 
the semi-arid tracts of greatest intensity or where here and there 
long narrow tongues, lobes, or thin lines of it project several 
miles from the main body of growth into them, that in such 
localities the reproductive capacity of the tree is exceedingly 
limited or altogether wanting. In other places, especially in 
astern Oregon, where a few small groves or single trees are found 
crowning some isolated eminence entirely cut off from all direct 
connection with the species elsewhere, the same condition is 
noticeable; and, precisely as is the case with the western juni- 
per, the ovules are generally unfertilized, or, if fertilized, most 
of them abort, and those that are fertile and develop into perfect 
seeds fail to germinate. In consequence, seedlings are rare or 
altogether lacking in such localities. One of the phenomena 
noticeable in this species, when much exposed to the desiccat- 
ing influences proceeding from contiguous arid tracts, is a re- 
markable dwindling in its cone dimensions. Normally, in these 
regions, the mature cones are from three to four inches in length ; 
but where the species occurs in proximity to the deforested areas 
on the eastern Oregon plains, the cones are frequently not more 
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than one and a half to two inches in length. A most conspic- 
uous example of this phenomenon are the yellow-pine forests on 
the northern slopes of the Paulina mountains, where thousands 
of individuals bear cones but a trifle longer than those of the 
lodgepole pine, and the cone dimensions of the entire growth are 
far below the normal. As this tract of forest is separated only 
by a narrow strip of semi-aridity from areas of intense aridity, it 
is naturally under a high stress of the latter condition of climate, 
and the inference is fully warranted that the decrease in cone 
dimensions is a forerunner to general sterility in the species upon 
these particular areas. 

Going farther northward there are seen thousands of localities 
throughout the yellow-pine areas which are absolutely deforested 
or contain a few, very old, lone individuals. Some of these tracts 
consist of south-facing hillsides, which receive the full force of 
the desiccating rays of the sun. If they, in addition, possess a 
high angle of slope, causing too rapid drainage, soil aridity is 
likely to result, with consequent deforestation. But many bare 
tracts exist when soil aridity is not a factor, and the influence 
which prevents the spread of the adjacent forest into such areas 
must be climatic, so far as can be determined. 

The middle and upper portions of the subhumid belts carry, 
in addition to the yellow pine, the other species enumerated. 
Two of them exhibit clear traces of yielding to the effects of 
semi-aridity. They are the great silver firand the red fir. The 
former is exceedingly deficient in cone production, but yields a 
high percentage of seeds with germinating power; the latter is 
a free cone producer, but matures an insignificant proportion of 
its ovules. In this respect it acts exactly similarly to the west- 
ern juniper. The great silver fir possesses small powers of adapt- 
ability. On the western spurs of the Bitter Roots it has devel- 
oped a type of tree low, small in diameter, soft and sappy in its 
wood, short-lived, and with extremely scanty cone production. 
This form takes a lower place in the subhumid zone—that is to 
say, nearer to the line of semi-aridity—than does the larger and 
more fruitful type. The adaptability of the red fir is of a much 
highertypethan the foregoing. Notwithstanding its deficientseed 
production, there is no evidence that it is not maintaining the in- 
tevrity of its stands throughout our revion. Itis not confined to 
subhumid areas exclusively, thriving and developing its largest 
dimensions in extremely humid situations on the west slope 
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of the Cascades; but in the region under consideration it be- 
longs to the subhumid areas, and, as before remarked, it is here 
deficient in seed production. A factor enters here to be consid- 
ered later. This is temperature conditions. It is evident that 
unless a certain ratio of increase in the mean annual tempera- 
ture accompanies the aridity, there is a limit of tolerance beyond 
which certain species cannot be forced. When this limit is 
reached the species must succumb, and this is probably the 
reason why the red fir does not push far into the humid areas 
in these regions. 

The lodgepole pine possesses the highest power of adaptability 
among the subhumid group of trees. It ranges from the humid 
down through the subhumid and well into the lower edge of the 
semi-arid belts. While not a plentiful producer of perfected 
seeds, most of the ovules aborting, it amply makes up for this 
deficiency by its multitude of cones and the early age at which 
it begins to produce them. If the present vigor of the species 
continues, it promises to become the dominant one on all sub- 
humid and humid areas in our region. In the subhumid forests 
of eastern Oregon, along the lower slopes of the Cascades, three 
species enter which are lacking farther north. They are: 

Abies concolor, White fir ; 
Libocedrus decurrens, Incense cedar ; 


Pinus lambertiana, Sugar pine. 


The white fir, perhaps not specifically distinct from the, great 
silver fir, occupies the same general place in the subhumid group 
of trees on the more southern areas that the latter does on the 
northern. We might even suppose that the great silver fir is a 
modification of the white fir evolved to meet changing tempera- 
ture and humidity conditions. It is evident from the relative 
position which the white fir occupies that its limits of endurance 
to increased temperatures and lower humidity are far higher than 
those of the great silver fir. 

The incense cedar and sugar pine come into the middle areas 
of the subhumid belts. Their distribution or retreat northward, 
or into the humid areas, is limited by temperature considera- 
tions. As they show no adaptability to meet them, their exten- 
sion northward is precluded and their extinction will be rapid, 
compared with other species in this region. Thesugar pine isa 
free cone and seed producer, while the incense cedar appears to 


be deficient in this respect. 
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THE HUMID REGIONS 


From the subhumid tracts we come to the humid ones. These 
are chiefly limited to the mountain regions. When they extend 
into the plains or into areas of lower humidity, they do so only 
in the bottoms or on the northern slopes of deep canyons or the 
northern slopes of ridges. On the other hand, it is everywhere 
noticeable that the subhumid areas send long, strong lobes and 
extensions into the humid tracts, carrying their characteristic 
trees with them and indicating the coming ascendancy of drier 
climatic conditions. 

The trees which compose the forests in this zone group them- 
selves into three divisions, according to their altitudinal range. 
The first group, occupying the higher elevations, contains the 
following species : 

Lariv lyallii, Lyall larch ; 
Pinus albicaulis, White-bark pine; 
Tsuga pattonii, Mountain hemlock. 
The second group contains species which most generally oc- 
cupy areas at the lowest elevations in the zone. They are: 
Thuja plicata, Pacific arbor-vitee ; 
Larix occidentalis, Western larch ; 
Tsuga mertensiana, Western hemlock ; 
Pinus monticola, Mountain white pine. 


The third group contains species which range indiscriminately 
from the upper to the lower areas of the humid zone and are as 
follows: 

Abies lasiocarpa, Alpine fir ; 
Picea engelmanni, Engelmann spruce ; 


Pinus murrayana, Lodgepole pine. 
Of the species included in this group, the Alpine fir possesses 
the least power of adaptability, the lodgepole pine the highest. 
In addition to the species enumerated, there are the following 
whose behavior as to altitudinal extensions and limitations are 
not very thoroughly known. They are: 
Libocedrus decurrens, Incense cedar ; 


Chama cyparis nootkatensis, Yellow cedar ; 


Abies amabilis, Amabilis fir ; 
Abies nobilis, Noble fir: 
Abies shastensis, Shasta fir ; 
Pinus flexilis, Limber pine; 


Pinus lambertiana, Sugar pine. 
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With the exception of the limber pine, most of these species 
are, in these regions, confined to the Cascades, and do not extend 
very far from the high, upper slopes of the range. Only the 
sugar pine and incense cedar come into contact with regions of 
subhumidity. 

I have already noted that strong and broad projections from 
the subhumid areas push far into the humid belts. This is 
most marked along deeply eroded valleys, where high summer 
temperatures prevail. Not only do the subhumid conditions 
become conspicuous in the humid belts along such lines, but one 
meets occasionally spots of true aridity in their midst. Such 
localities present the anomalous spectacle of permanently de- 
forested areas supporting species of grasses and other herbaceous 
plants peculiar to the arid plains at subalpine altitudes, and in 
regions where the situation seemingly should insure an abun- 
dance of precipitation. Excellent examples of these phases are 
seen in the Bitter Root forest reserve in Idaho. This region lies 
within an area of sufficiently heavy precipitation to be generally 
classed as humid above the 5,000-feet level; but arid and sub- 
humid conditions have extended up the Clearwater and Salmon 
river valleys, in places reaching the main range, and overleap- 
ing this barrier have joined the arid regions of the interior Rocky 
mountain basins. The subhumid and semi-arid conditions have 
spread upward from the valley bottoms along the mountain 
slopes to elevations of 6.000 feet to 7,000 feet, carrying their pe- 
culiar shrubs and trees with them. We cannot account for the 
permanency of these arid and semi-arid extensions, except by 
adopting the proposition that a progressive diminution of the 
annual precipitation is now an established and general climatic 
feature in this region. 

Coexistent with the advance of drier climatic conditions into 
the humid areas, we find, as already noted, many of the trees 
and shrubs of the semi-arid and subhumid tracts, while the 
entire forest has been profoundly disturbed in its equilibrium. 
Among the shrubs of the arid and semi-arid regions which have 
thus penetrated into the humid areas may be mentioned Cerco- 
carpus ledifolius, Kunzia tridentata, Artemisia tridentata, Artemisia 
arbuscula, and one or two species of Forsellesia. These shrubs 
abound on the arid regions of the plains, to which they properly 
belong. They are found following the subhumid areas into the 
humid ones in the Bitter Roots, in the Rocky mountains, and in 


the Cascades. Their presence and distribution here proves un- 
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mistakably progressive semi-aridity into the subhumid tracts, 
subhumid extensions into the humid areas. 

In the semi-arid belt we noted the occurrence of detached 
ageregates and scattered individuals of its forest growth sepa- 
rated from the main body by deforested lanes and wide stretches. 


They were taken to represent the effects of a gradual invasion of 


the adjacent arid conditions, creating a sort of fringe or frayed 
edge of timber growth along the edge of the forest. If our ideas 
of progressively drier conditions extending throughout the dif- 
ferent belts of humidity are in accordance with facts, we havea 
right to expect analogous phenomena in the humid and sub- 
humid areas. That is exactly what we find, but they differ from 
those which exist in the arid and semi-arid region in this way : 
that the edge of the advancing semi-aridity into the subhumid 
tracts and the front of the subhumidity where it penetrates into 
the humid areas are not typically marked by deforested open- 
ings. Instead, they present detached groups of the species,which 
belong to the upper and more humid tracts of each of the zones, 
entirely surrounded by heavy bodies of the kinds which belong 
to the lower zones and which are capable of withstanding greater 
dryness. 

In examining the phenomena of forest growth in the humid 
areas, as changed or in process of modification by the shifting 
climatic conditions, we can find no localities within these regions 
that present the various phases so clearly and indisputably as 
does the west slope of the Bitter Root mountains. This area 
is truly a debatable ground. Its forest growth is subject to great 
and extensive stress—on the east from the arid conditions of the 
Rocky Mountain regions, on the west from those which prevail 
on the treeless plains of the Columbia River plateau. It is 
seamed, furrowed, and crossed in various places by extensions 
from those two great tracts. At the same time it contains very 
large areas of extremely humid slopes, where the drying effects 
of the changing climate are as yet scarcely felt, if at all. ‘These 


conditions provide numerous transition grounds for the study of 


the forest modifications. 

Beginning with the group of summit trees, as they might be 
called, we have three species which are in the Pacific northwest 
true timber-line trees. Nowhere, however, in the Bitter Roots 
do these species form a timber-line zone, for no peak in the 
range is high enough to reach it. As summits exist 10,150 feet 
in height above sea-level, it follows that the absolute timber-line 
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is here phenomenally high—a significant fact in connection with 
the wide extensions of subhumid and semi-arid conditions into 
the interior of this range, and a possible consequent rise of the 
mean annual temperature. ‘The absence of a timber-line even 
at the highest peaks was noted and commented upon by the 
various parties engaged in the first surveys for a northern trans- 
continental railroad route, but was generally ascribed to the 
effects produced by a current of warm air supposed to move 
eastward from the plains of the Columbia in this latitude. 
None of the three species contained in the summit group of 
trees possesses any marked power of adaptation. The Lyall 
larch is wholly deficient in this respect. The white-bark pine 
ranks slightly higher, and the mountain hemlock somewhat 
above the latter, as shown by its occurrence within undoubted 
subhumid conditions in some localities, as in the middle portion 
of the Deschutes basin in Oregon. In the Bitter Roots we find 
the Lyall larch along the high crests of the main range from a 
point just north of Nez Perce pass to an as yet undetermined 
northern point. However, it does not go very far beyond the 
ridges which bound the north fork of Clearwater basin. It is 
found on both the east and west slopes of the range, extending 
three to four miles away from the crest on either side. The 
western spurs of the range present one or two outlying small 
groves of the species on the divide between the Lochsa and 
Selway forks. Its habitats in the Bitter Root range are abso- 
lutely cut off from all connection with others elsewhere by gaps 
of low altitudes a hundred miles or more in width, which now 
cannot possibly be spanned by the species. In these regions this 
larch is clearly approaching extinction. Its cone and seed pro- 
duction are extremely scanty. Its growth is excessively slow. 
Most of the individuals which make up the stands are far ad- 
vanced in age. Seedlings or saplings are rare and scattered. No 
further back than three centuries there must have been abundant 
seed production, as a majority of the trees are approximately of 
this age. Three centuries hence the stands, if existing at all, 
will show great diversity of age, unless the cone-bearing periods 
run in cycles, long intervals of barrenness being followed by 
periods of fertility. Whatever rotation may exist in this respect 
(and that some does occur admits of no doubt) it operates only 
within narrow limits of time, producing what are called “ off 
years,” and does not impress itself very strongly upon the stand 


of the species as a whole. 
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Passing to the white-bark pine, we find it extending over all 
the ridges and spurs of the Bitter Roots having elevations above 
6,000 feet. On the north the range of the tree is intercepted by 
the valleys of the Clark fork and the Bitter Root river. On the 
south it follows the crest of the ridges into the Rocky mountains. 


The species is lacking in vigor and is not maintaining its former 


stands. 
this region. The staminate blossoms or aments are borne in the 


It is a conspicuously shy cone producer throughout all 


greatest profusion, but the pistillate are very rare. In conse- 
quence, but few cones are seen, and the seedlings, while not 
wholly absent, are very sparse and scattered. 

The mountain hemlock occurs on the ridges above 5,500 feet 
elevation throughout the central areas of the Bitter Root system. 
It is cut off on all sides from connection with the species else- 
where by wide stretches where it is wholly lacking. Inthe north- 
ern portion of its range it isan abundant cone and seed producer, 
and is maintaining the average densities of itsstands. Its south- 
ern boundary in this region lies along the crest which separates 
the north and middle forks of Clearwater. All along this south- 
ern edge it abuts upon the subhumid tracts which spread up- 
ward along the slopes of the low-lying valley of the middle or 
Lochsa fork of the Clearwater. A low ratio of cone and seed- 
bearing capacity marks the southern edge of its range, and its 
seedlings are far from sufficient in number to keep the stands at 
their maximum density. Throughout the entire Bitter Root 
region the declining vitality of the species is indicated by its 
small cones, which do not average one-half of the normal ‘size 
for the more vigorous type of the species. The habit of the 
three summit species is inimical to survival under very great 
stress of subhumidity. Their place of growth is invariably on 
drained slopes. If through adaptation they should acquire the 
power to grow in wet or saturated soil, they would stand a far 
better chance of survival, but no evidence exists of any such 
modifications. 

Below the summit group of trees are the species of the second 
group. Among these the western larch possesses the greatest 
power of adaptation, next the mountain white pine, then the 
Pacific arbor-vite, and last the western hemlock. The western 
larch is able to endure subhumid eonditions which, in places, 
almost border on semi-aridity. Of the trees distinctly belonging 
to the humid areas, it is the last to retreat before the advancing 
line of climatic siccation. All these species are at home in wet 
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or swampy localities, and are therefore better fitted for a lengthy 
resistance than would otherwise be the case. Their northward 
range extends indefinitely to the limits where the mean temper- 
ature becomes too low fortheir growth. Their southward bound- 
ary in the Bitter Root region lies a few miles north of a line 
drawn east and west through the crest of the divide which sep- 
arates the Salmon river from the Clearwater drainage. North- 
eastward they cross the Bitter Roots into the Rocky Mountain 
ranges, while in the northwest they extend through the moun- 
tains between the Fraser river and the Columbia into the Cas- 
eades. Owing to the circumstance already mentioned—that the 
species can exist in swampy ground—they hold their own against 
the subhumid encroachments everywhere but along their south- 
ern edge. Their retreat is here marked, exactly as in the case 
of other species, by deficient cone and seed production and by 
the occurrence of detached bodies of the species along the line 
of retreat. 

The third group of the humid series of trees contains species 
whose adaptability to varying altitude and moisture conditions 
is of the highest. This is owing to their capacity for enduring 
very diverse habitats. They are equally at home on dry, well- 
drained slopes, or in wet places, where their roots are continually 
immersed in circulating water. Among the three, the lodgepole 
pine has the greatest endurance, and all appearances indicate 
that it is the species which eventually will supplant the other 
species in the humid regions. . 

The Alpine fir ranges throughout the entire extent of the 
Bitter Root mountains, and extends indefinitely north and south, 
east and west, along the crests of connecting ridges. It is a fair 
producer of cones and seeds, and is maintaining its stands in most 
localities. Its susceptibility to adverse subhumid conditions is 
found in the occurrence of large deforested tracts occupied by 
the tree within comparatively recent times, but which now show 
no evidence of a return to forest cover. Such tracts are frequent 
everywhere throughoutits rangein these regions. Generally they 
front on some broad valley, along whose slopes the subhumid or 
semi-arid changes are advancing into the mountains. 

The Engelmann spruce and the lodgepole pine have a uni- 
versal range throughout the mountains in this region. Both 
have developed forms to meet drier conditions. Engelmann 
spruce never reaches its greatest development except in swampy 
localities, where it grows to be a large, well-formed tree. On dry 
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ridges it exists as a small, knotty, branchy, undersized tree. The 
lodgepole pine follows the same general rule. ‘The reproduction 
of these two species is excellent, and they are constantly occupy- 
ing new ground to the exclusion of the other species. 

The forest fires which ravage the mountains show how closely 
balanced are the majority of the humid species and how slim a 
hold they possess on existence along the front line of the spread- 
ing subhumidity. It is a fact patent to every one who studies 
the after-effect of a forest fire in this region that the increased 
evaporation from the denuded surfaces causes intense soil aridity. 
This condition is not alike in all places. Some localities, by 
reason of local topography or exposure, suffer more severely 
than others. There are thus on south-facing hillsides, near the 
larzer valleys, numerous places where centuries ago the subalpine 
forest was destroyed by fire, and arid conditions set in to the 
extent of absolutely preventing reforestation to this day; but 
in the majority of cases the first burning of the forest destroys 
only the more tender species and favors the growth of those 
which possess greater power of adaptability. This in the humid 


areas means a preponderance of the lodgepole pine, because of 


its wide limit of tolerance to different climatic conditions. Fires 
in the humid growths hardly ever destroy the forest completely 
over any very large area. Small patches are left untouched, 
though surrounded by wide lanes of burned forest. The growth 
of lodgepole pine which comes in after the fires, because better 
fitted than any other species to endure soil aridity, follows the 
denuded areas and often covers them with dense stands. In so 
doing it cuts off these slices of unburned forest from all chance 
of regaining their former connection with the main body of their 
own type of growth, and gives rise to conditions which are some- 
what analogous to those in the semi-arid belts, where deforested 
areas, supporting types of vegetation peculiar to arid regions, 
separate the outlying groves of forest. 

It is not alone in the region of the Columbia river watershed 
that the increasing climatic aridity is modifying or disturbing 
the forest types and their ancient balance. Thesame phenomena 
are repeated in California,and are doubtless general throughout 
the Rocky mountains and the areas collectively termed * The 
Pacific Coast.” A conspicuous example occurs in southern Cali- 
fornia, in the behavior of the big cone fir, Pseudotsuga macrocarpa, 
and the redwood, Sequoia sempervirens. The big cone fir is a 
common species on the slopes of the mountain ranges in south- 
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ern California. On the west slopes of the San Bernardino 
and San Jacinto ranges, its main body of growth is above the 
4,000-feet contour line. Below this the tree thins out rapidly, 
and at elevations of 5,000 feet practically ceases. In the San 
Gabriel mountains it begins to grow at elevations of 1,000 feet 
above sea-level; at 3,000 feet it forms very numerous groves 
in the midst of the chaparral. Now, there are the clearest evi- 
dences that not very far back in time a nearly uniform forest of 
this species covered many of the slopes of the San Gabriel moun- 
tains between the 2,000-feet and 3,000 feet contour levels. The 
numerous single trees and old stumps in the chaparral are the 
remnants of this growth. Moreover, when the big cone fir is 
burned out on the slopes below the 4,000-feet level, neither it 
nor any other species of conifers reforest the denuded areas, show- 
ing that conditions exist which are inimical to forest growth. 
In the San Bernardino and San Jacinto ranges the lower edge of 
the big cone fir forest is tolerably compact and well defined. The 
outlying patches on the slopes that one sees so frequently in the 
San Gabriel are lacking. The extensions from the main body of 
growth are along the streams and gorges where abundant moist- 
ure exists. The San Bernardino and San Jacinto mountains are 
farther from the ocean than the San Gabriel; hence for same 
elevations they do not receive so heavy a precipitation, and have 
in consequence a higher limit for the lower edge of the range of 
the big cone fir. The San Gabriel mountains, being nearer the 
ocean, receive a greater precipitation ; hence have an ulterior 
limit for the inferior edge of the big cone fir at a considerably 
lower elevation than the other two ranges; but the lack of re- 
forestation on areas where the growth is destroyed and the many 
detached patches below the main body of growth prove that 
the species is retreating toward regions of greater humidity. As 
the process is aided and accelerated by forest fires of modern 
date, another generation will not pass before the lower limit for 
the growth of the tree in the San Gabriel mountains will be at 
quite as high altitude as it is in the San Bernardino and San 
Jacinto ranges. In comparison with the allied northern Pseu- 
dotsuga mucronata, or red fir, the species is more definite in cone 
and seed production. 

The redwood is a tree of extreme susceptibility to temperature 


and humidity conditions, and apparently possesses a very low 
ratio of adaptability. It ranges along the California coast from Los 
Angeles county to the northern boundary of the state and across 
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into Oregon. At its extreme southern end it is represented by 
small scattered groups of trees—a few hundred individuals only 
are reported—and a long gap intervenes before its appearance 
farther north. The heaviest stands of the species are found in 
Mendocino and Humboldt counties, in California. It thins out 
toward the Oregon line and finally disappears a few miles north 
of the boundary. The northward extension of the species is 
evidently limited by a mean annual temperature lower than its 
ultimate point of endurance. Southern extensions are impos- 
sible, owing to an insufficiency of rainfall in that section of Cal- 
ifornia, and its spread into the interior, away from the proximity 
of the ocean, is precluded by adverse conditions of both temper- 
ature and humidity. The reproduction of the species is said to 
be very low. Cut-over areas show no evidences of reforestation 
with the same species. Thus hemmed in by inimical climatic 
conditions and unable to maintain its stands, its extinction seems 


assured at no very remote period. 
SUMMARY 


The salient points brought out by a study of the forest condi- 
tions in these regions, so far as they relate to the effects of climatic 
aridity, can be stated concisely as follows: 

The arid, non-forested plains regions of eastern Oregon yield 
silicified remains of arborescent vegetation identical or nearly so 


with existing species on adjacent areas, proving the presence of 


forest growth on these timberless lands at no very remote period. 


The forests on the semi-arid tracts, although consisting of 


species capable of enduring dry climatic conditions, show every- 
where a persistent and gradual dwindling in extent and density. 
Their stands, consisting mostly of old trees, show a conspicuous 
deficiency in seed production, an enormous percentage of the 
ovules aborting, and a notable scarcity of seedlings. When, 
from any cause, a tract of the old stands is deforested, reforesta- 
tion does not occur, as a rule; this results in the formation 
of detached groves and individuals whose reproductive powers 


become even more limited and weakened and the extinction of 


which is merely a matter depending on the age limit of the in- 
dividual trees. 

In the subhumid forest there igs a slow and apparently inef- 
fectual adaptative evolution of smaller forms of the various 
species to replace the larger ones, which require more moisture 
for their growth. There is also a conspicuous shortage of cone 
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and seed production in the group of trees which form the upper 
subhumid types,and a pushing of the lower subhumid types 
which grow in drier atmospheric and soil conditions into the 
areas of the upper types, and frequently a complete and perma- 
nent replacement of the upper subhumid types with those be- 
longing to the lower groups when such upper types have been 
destroyed by fire or other means. 

In the humid forest are found the same phenomena as noted 
for the subhumid tracts, with areas in the upper humid belts, 
where certain species occupy tracts separated by long distances 
(sometimes a hundred miles or more) from the next appearance 
of the species elsewhere. These intervals, which break the con- 
tinuity of the range of such species, are held to indicate more 
humid conditions in the part favoring extensions across these 
gaps, Which are now precluded and cut off by adverse climatic 


changes in the direction of aridity. 





PROFESSOR O. C. MARSH 


Othniel Charles Marsh, LL.D.,Ph.D., Professor of Paleontology 
in Yale University, Vertebrate Paleontologist of the U.S. Geolog- 
ical Survey, anda member of the National Geographic Society, 
died in New Haven, Connecticut, March 18, 1899. His death 
removes an eminent contributor to American science. 

Born in Lockport, New York, October 29, 1851, Marsh grew up 
an athlete and sportsman, rather than student, until his observa- 
tions on nature directed his attention to the natural sciences. 
In 1852 he went to the Phillips-Exeter academy at Andover, 
whence he graduated as the valedictorian of his class. In 1856 
he matriculated at Yale, graduating with honors in 1860. Sub- 
sequently he retained almost constant connection with his alma 
mater, to whose prestige he contributed much, the longest inter- 
ruption occurring in the early sixties when he was engaged in 
special work in European universities. In 1866 he was made 
Professor of Paleontology, a position retained until his death. 
The nephew and _ heir of George Peabody, he was the possessor 
of means enabling him to exercise his strong individuality freely 
in the prosecution of scientific researches. His best-known work 
was that of explorer in the western territories and collector of 
vertebrate fossils, by which the museum of Yale and U. 8. Na- 


tional Museum were enriched; yet his most enduring monument 
takes the form of original contributions to vertebrate paleon- 
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tology. His researches were conducted with remarkable vigor, 
notable acumen, and exceptionally clear recognition of the prin- 
ciples of biology. To the general surveyor of the field of organic 
life, past and present, several of Professor Marsh’s contributions 
seem to be of the first magnitude: The modern method of seek- 
ing and quarrying for complete skeletons to be used as material 
for study, in lieu of resting content with fragments, was largely 
due to his broad views and pertinacious industry, and his lib- 
eral expenditure of private means; partly by reason of this 
method, he was «ble to classify extinct forms, and trace their 
relations to living organisms in a superior manner; while his 
improved methods in field and laboratory enabled him to give 
unprecedented vitality and living interest to the animals of ages 
past and the life history of the earth primeval. Among his 
special contributions, the tracing of the phylogeny of the horse 
attracted world-wide attention, while his development of the 
principle of cephalization is of exceeding service to biologists 
and anthropologists, as well as to specialists in his own domain. 
During the last decade he turned attention to geology, and his 
researches in the Atlantic Coastal plain have received much 
attention and yielded results of permanent value. 

Professor Marsh’s scientific work brought recognition from 
various institutions. He held honorary connection with several 
European academies of science, and was the recipient of the Cu- 


vier prize of the Institute of France and of the Bigsby medal of 


the Geological Society of London; he was President of the Amer- 
ican Association for the Advancement of Science in 1878, and 
President of the National Academy of Sciences for twelve years, 
1885-1895. A bachelor and the last of his line, he bequeathed 
practically the whole of his considerable property to Yale Uni- 
versity. W JM. 


THE AREA OF THE PHILIPPINES 


In a recent communication to the Geographical Society of the 
Pacific, of which he is President, Prof. George Davidson writes 
as follows: 


In several government documents the statement is made that the area 
of the Philippine islands is something over 114,000 square miles. In the 
latest one just received it is given as 114,326. This error has doubtless 
arisen from a hurried examination of the Spanish documents. We find 
in the ‘* Guia Oficial de las [slas Filipinas, para 1898; Publicada por la 
Secretaria del Gobierno General; Manila, 1898,’’ the statement that the 
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archipelago comprises an area of 355,000 square kilometers, without in- 
cluding the Jolo (Sulu) group. It then specifies about thirty of the prin- 
cipal islands, and their areas aggregate 298,485 square kilometers. That, 
of course, leaves a multitude of the smaller islands not specified in the 
guide, but covered by the larger area. As the number of square kilo- 
meters multiplied by .886052 will give the number of square miles, the 
area of the islands specified amounts to 115,238 square miles, and the area 
of all the islands, less the Jolo group, amounts to 137,057 square miles. 
Further, the statement is generally made that the Archipelago of the 
Philippines contains from 1,000 to 2,000 islands, and the ‘‘ Guia Oficial ”’ 
says the number is more than 1,200. But in examining the ‘‘ Derrotero 
del Archipielago Filipino, Madrid, 1879’’—that is, the Coast Pilot of the 
Philippines, covering more than 1,200 pages—we find that the Islas, 
Islitas, Isletas, Islotes, Islotillas, and Farallones therein described amount 
to 583. Of course, this does not include reefs, rocks, or hidden dangers. 
I submit that these figures of the areas and of the number of islands and 
islets be accepted until replaced by government surveys. 


THE RECENT ASCENT OF ITAMBE 

In his letter referring to the ascent of Itambé, Lieutenant Ship- 
ton states (this magazine, November, 1898, p. 476) that “ we are 
supposed to have been the first men ever on the summit of this 
peak.” Itambé was ascended and measured by Spix and Mar- 
tius in 1818. Those authors say of it: “ The peak of Itambé, 
the highest one ascended and measured by us in all our travels 
through Brazil, has an elevation of 5,590 Parisian feet.”* This 
measurement was made with a mercurial barometer, and, so far 
as | know, it has never been repeated. 

The fact that Itambé has not been ascended is due to its being 
ina thinly populated, untraveled country, rather than to any 
particular difficulty in getting up the peak itself. It dominates 
almost the entire diamond district of Minas, and in my own 
travels through that region I was constantly reminded of what 
Dr Santos says—that this peak served the old gold and diamond 
hunters instead of a compass, for they never got lost so long as 
it was in sight. “ It was a granite light-house to travelers—the 
center of a circle, seventy leagues in diameter, in which they 
could revolve without fear of getting lost.’ 

J. C. BRANNER. 
Stanford University. 
* Reise in Brasilien von Dr J. B. von Spix und Dr C. F. P. von Martius, ii, 456, Mitin- 


chen, 1828: also Beitrige zur Gebirgskunde Brasiliens von W. L. von Eschwege, 334, 


Berlin, 1852 
+ Memorias do Districto Diamantino, por J. F. dos Santos, p. 8, Rio de Janeiro, 1868. 





MISCELLANEA 


The total imports of the Samoan islands amounted in i895 to $418,840 
and the total exports to $256,758. The share of the United States was 
but $60,624 in the imports and $33,050 in the exports. 


The government of Haiti has imposed a surplus tax of 25 per cent on 
all importations, in effect from March 14, 1899. The proceeds are to be 
applied to the withdrawal of the paper money now in circulation. 

The Austrian Lloyds have recently established a direct service between 
Trieste and Calcutta. Austria is becoming an important factor in the 
rivalry of the greater European powers for the markets of the far Kast. 


The Simplon tunnel, when completed, will be 21,580 yards long. It 
will contain only a single track, but a second tunnel is to be constructed 
parallel to it, at adistance of 19 yards. The northern entrance to the tun- 
nel is about a mile and a half from the station at Brieg, at an elevation of 
2,254 feet. The exit on the Italian side will be 800 yards from Isella. 


To prevent the extinction of india-rubber trees in the Congo Free State, 
the government has decreed that for every ton of rubber yielded annually 
there must be planted not less than 150 trees. The law which prohibits 
gathering rubber except through incisions in the bark is to be more strictly 
enforced, and violations will be punished by a fine up to $2,000, or by 
imprisonment. 

An English syndicate has begun the construction of additional quays 
and magazines at Genoa. In 1897, 5,000,000 tons of merchandise passed 
through the warehouses of this port, and it is calculated that with the 
completion of the Simplon tunnel and the consequent improvement in 
railway communication, the annual tonnage will rise as high as 10,000,000. 
Genoa will then be the most important port of the Mediterranean. 


Inarecent report tothe Department of State, Mr Thomas FE. Moore, U.S. 
Commercial Agent at Weimar, gives some valuable statistics concerning 
the balance of trade and the increase of population in Germany. The rap- 
idly increasing population has caused a corresponding increase in the 
imports of provisions and raw materials, the home products not being 
suflicient to meet Home demands. The population of the German Cus- 
toms Union has risen from 50,960,000 in 1893 to 54,530,000 on July 1, 
1898, an increase of 3,570,000, or 7 per cent within five years. The value 
of imports has increased by 29.5 per cent, and that of exports by 27 per 
cent. With the increase of population has also come a very apparent 
expansion of the productive capacity of the manufacturing industries. 
This is especially well shown by the steady output of steam-engines. The 
total horse-power of the steam-engines built in 1888 was 1,683,000, while 
in 1898 the total was 3,422,000. The most significant figures, however, 
are those of the manufacture of stationary engines during the last three 
years. In 1896 the total horse-power was 2,534,000; in 1897, 2,714,000 ; 
in 1898, 2,947,000. Agriculture does not show a corresponding develop- 
ment, as the limits of the grain-growing area can be extended but slowly. 


Is4 

















XUM 





NATIONAL GEOGRAPHIC MAGAZINE 











CHESAPEAKE & OHIO RY. 


HE F. F. V. LIMITED is one of the finest trains hauled over any railway track in America. It runs 
solid between Cincinnati and New York, the route from Washington being over the Pennsylvania 
system. It has every modern convenience and appliance, and the dining-car service has no superior if 
it has an equal. The road-bed is literally hewed out of the eternal rocks; it is ballasted with stone 
from one end to the other; the greater portion is laid with one-hundred-pound steel rails, and although 
curves are numerous in the mountain section, the ride is as smooth as over a Western prairie. 

One of the most delightful rides in all the route is that through the New River valley. The 
mountains are just low enough to be clad with verdure to the very top, and in the early spring every 
variety of green known to the mixer of colors can be seen, while the tones in autumn take on all the 
range from brown to scarlet. 

‘These facts should be borne in mind by the traveler between the East and the West. 


H. W. FULLER, Gen/. Pass. Agent, Washington, D. C. 
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CALIFORNIA.. | 


OF course you expect to go there this spring: Let 
me whisper something in your ear. Be sure that 
the return portion of your ticket reads via the 


Northern Pacific-Shasta Route. 


Then you will see the grandest mountain scenery in 
the United States, including ft. Hood and [1t. Rainier, 
each more than 14,000 feet high, [It. St. Helens, 
Mt. Adams, and others. You will also be privileged 
to make side trips into the Kootenai Country, where 
such wonderful new gold discoveries have been made 
and to Yellowstone Park, the wonderland not only of 
the United States, but of the World. Park season 
begins June Ist each year. Close railroad connections 
made in Union Station, Portland, for Puget Sound 
cities and the east, via Northern Pacific. 


CHAS. S. FEE, 


General Passenger Agent, St. Paul, Minn. 
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SOUTHERN RAILWAY 
GREATEST SOUTHERN SYSTEM. 
TO ALL POINTS SOUTH, SOUTHEAST, AND SOUTHWEST. 


Through Pullman Drawing Room Sleeping Cars from New 
York and Washington to New Orleans, Memphis, Tampa, 
Jacksonville, Augusta, and intermediate points— First-class 
Day Coaches—Dining Car Service. 


Fast Trains for the SOUTH leave Washington Daily at 11.15 A.M.,9.20 
P,. M.,and 10.45 P. M. 

Through Tourist car on the 11.15 A. M. Train every Tuesday and Friday 
for Texas, Arizona, and California points, without change. 

Direct line to the Summer Resorts in Virginia and the Carolinas and the 
Winter Resorts of Florida, Gulf Coast, Texas, Mexico, and California. 

Direct Through Car Line to and from Asheville, Hot Springs, and other 
Western North Carolina points—'‘' THE LAND OF THE SKY.” 








For Map Folders, Summer Homes Guide Book and Book on ‘ASHEVILLE 

AND THEREABOUTS” write to— 
A. S. THWEATT, Eastern Passenger Agent, 271 Broadway, New York, N. Y. 
J. C. HORTON, Passenger Agent, 201 E. Baltimore Street, Baltimore, Md. 
L. S. BROWN, General Agent, 705 Fifteenth St. N. W., Washington, D.C. 
W. H. DOLL, Passenger Agent, Norfolk, Va. 

S. H. HARDWICK, Assistant General Passenger Agent, Atlanta, Ga. 

Cc. A. BENSCOTER, Assistant General Passenger Agent, Chattanooga, Teun. 

W. H. TAYLOE, Assistant General Passenger Agent, Louisville, Ky. 


J. M. CULP, Traffic Manager. W. A. TURK, General Passenger Agent, 
WASHINGTON, D. C. 


The Mutual Life Insurance Co. 


OF NEW YORK, 
RICHARD A. McCURDY, President, 


Is the Largest Insurance Company in the World. 








The Records of the Insurance Department of the State of New 
York SHOW THAT The Mutual Life 


Has a Larger Premium Income - - - ($39,000,000) 
More Insurance in Force - - - - -  ($918,000,000) 
A Greater Amount of Assets - - - -  ($235,000,000) 


A Larger Annual Interest Income - - - ($9,000,000) 

Writes More New Business . - -  ($186,000,000) 

And Pays More to Policy-holders - - ($25,000,000 in 1896) 
THAN ANY OTHER COMPANY. 


It has paid to Policy-holders since | 
its organization, in 1843, f 7. - $437,005,195.29 


ROBERT A. GRANNISS, Vice-President. 


WALTER R. GILLETTE, General Manager. FREDERIC CROMWELL, Treasurer. 
ISAAC F. LLOYD, Second Vice-President. EMORY McCLINTOCK, Actuary. 
WILLIAM J. EASTON, Secretary. 
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a STPAUL 
BEST LINE MINNEAPOLIS 


CHICAGO or ST. Louis 














The Fastest and Finest Train in the West... . 


CXBY The Overland Limited 


o6eses We kens 








4 Wy UTAH and CALIFORNIA. 





FROM 16 TO 20 HOURS 
SAVED BY USING 


“THE OVERLAND ROUTE,.”’ 
Double Drawing-Room Pullman Sleepers. 
Free Reclining Chair Cars. 


Pullman Dining Cars. 
Buffet Smoking and Library Cars, 


Send for Descriptive Pamphlet “ 49-96,"' E. L. LOMAX, 
Folders and other Advertising Matter. Genera! Passenger and Ticket Agent, 
(Mention this publication.) OMAHA, NEB. 
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THE CHICAGO, MILWAUKEE AND ST. PAUL RAILWAY 


- RONS.. 


Electric Lighted and Steam Heated Vestibuled Trains between Chicago, Mil- 
waukee, St. Paul and Minneapolis daily. 


Through Parlor Cars on day trains between Chicago, St. Paul and Minneapolis. 


Electric Lighted and Steam Heated Vestibuled Trains between Chicago and 
Omaha and Sioux City daily. 


Through edge Cars, Free Reclining Chair Cars and Coaches between Chicago 
and Kansas City, Mo. 


Only two hours from Chicago to Milwaukee. Seven fast trains each way, daily, 
with Parlor Car Service. 


Solid trains between Chicago and principal points in Northern Wisconsin and 
the Peninsula of Michigan. 


Through Trains with Palace Sleeping Cars, Free Reclining Chair Cars and Coacties 
between Chicago and points in Iowa, Minnesota, Southern and Central Dakota. 


The finest Dining Cars in the World. 
The best Sleeping Cars. Electric Reading Lamps in Berths. 


The best and latest type of private Compartment Cars, Free Reclining Chair 
Cars, and buffet Library Smoking Cars. 


Everything First-class. First-class People patronize First-class Lines. 
Ticket Agents everywhere sell tickets over the Chicago, Milwaukee and St. Paul Ry. 


GEO. H. HEAFFORD, 
General Passenger Agent, Chicago, III. 




















WHENEVER YOU VISIT WASHINGTON 


YOU ARE INVITED TO INSPECT THE 


goosccsesosesesesesosoessecg 


MAMMOTH DRY GOODS ESTABLISHMENT + © 


Os OF He @ 


WOODWARD & LOTHROP & & 


oeeeeeeeoeooeoseoeoeececoeon 


Where the LATEST PARIS NOVELTIES are ta al on Exhibition. 
The attention of those who anticipate purchasing 


\ BRIDAL TROUSSEAUX 


peeeoue 


5) 


a 





Is invited especially to extreme PARIS NOVELTIES in watcha? sets 
of French Hand-made Lingerie, including Gowns, Skirts, Chemises, 
Drawers, Corset Covers, &c. These can be furnished in any number 
of pieces desired. 


HAND-MADE BRIDAL TROUSSEAUX, personally 
selected in Paris and exclusive in — and 10 ‘ns SOF 
design: Three or more pieces : 


CORRESPONDENCE SOLICITED. MAIL ORDERS RECEIVE PROMPT AND CAREFUL ATTENTION. 


TENTH, ELEVENTH, AND F STREETS N. W. . . . « WASHINGTON, D. C. 
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Shortest Line | 
St, Paul and Minneapolis : 
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and the Northwest 
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4 RAILWAY 

} For tickets, rates or any detailed information apply 

Y to your home agent or write to 
4 F. H. LORD, 
( ] Gen’! Pass’r and Ticket Agent, 
(ie CHICAGO. 
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A VITAL POINT —=—[— 


A ‘TYPEWRITER’S 
PRINTING MECHANISM 





oe 
IMPROVEMENT THE CIDER OF THE AG .* 


PANES. 
MUST BE SCIENTIFICALLY CON- 
STRUCTED. THIS POINT IS OF 
UTMOST IMPORT FOR 


EASY OPERATION AND 
PERFECT EXECUTION. 


Che Smith.. 
Premier 
Cypewriters 


Superior on This Point as Well as on All Others. 
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The Smith Premier Typewriter Co., 


ONLY CORRECT 
SYRACUSE, N. Y., U.S. A. 


DQQEQRQRDERDARRRRRRARRARNAAABR RAM 
Catalogues and Information at Washington Office, No. 519 Eleventh Street. 
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THE AMERICAN ANTHROPOLOGIST. 





The only American magazine devoted to the science of Anthropology in 
all its branches is THE AMERICAN ANTHROPOLOGIST, published at the 
National Capital. This journal is now in its /wel/th year of increasing 
usefulness. 

No magazine ever published on the Western continent is such a 
storehouse of authentic information concerning ARCHEOLOGY, ETHNOL- 
oGY, FoOLK-LORE, TECHNOLOGY, SocroLoGy, HISTORY, SOMATOLOGY, 
PsyCHOLOGY, PHILOSOPHY, and PuHILOLOGY. Its contributions to our 
knowledge of these subjects, especially in so far as they relate to the 
American Indians, past and present, are of world-wide authority. Its 
contributors are America’s foremost scholars. 

Is your name on the subscription list of the ANTHROPOLOGIST? If 
not, it should be. No one interested in anthropology in any of its branches 
can afford to be without it. Szdscribe today. A new volume begins with 


the January number. 





Handsomely Printed—Abundantly Hlustrated. 
Published Quarterly—Four Dollars a Year. 
Volume XII Begins with January, 1899Y. 
ApprEss: THE AMERICAN ANTHROPOLOGIST, 


G. P. Putnam’s Sons, 27 and 29 West 23d Street, 
New York City. 





COMMENCED JANUARY, 1888. TWO VOLUMES PER YEAR. 


THE AMERICAN GEOLOGIST, 


1899. 





The Oldest Exclusively Geological Magazine Published in America 


TERMS. 
To Subscribers in the United States, Canada and Mexico............. ... $3.50 a year 
ay Other Subseripers m the Postal Wiens. is diac in's bec eeev eves seek <5 4.00 a year 


The AMERICAN GEOLOGIST is issued monthly from the office of publication at Minne- 
apolis, Minnesota, United States of America. Twenty-two volumes are completed ; the 
twenty-third began with the number for January, 1899. The magazine has received a 
cordial welcome and a generous support from leading geologists everywhere and it is now 
recognized as the exponent of the rapid geological progress that is taking place on 
the continent of North America, including Canada, the United States and Mexico. No- 
where else in the world are geologic phenomena exhibited on a more extensive scale 
and nowhere else are results attained of greater economic and scientific importance. 

The AMERICAN GEOLOGIST lays before its readers from month to month the latest 
results of geological work. In addition to the longer papers it gives synopses of recent 
geological publications and brief notes on current geological events. 

THE GEOLOGICAL PUBLISHING CO., 
MInNEAPOLIB, MINN, 
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NATIONAL GEOGRAPHIC MONOGRAPHS 


On the PHySICAL FEATURES OF THE EARTH'S SURFACE, designed especially to supply to teachers and 
students of geography fresh and interesting material with which to supplement the regular text-book. 


LIST OF MONOGRAPHS COMPRISING VOLUME I: 


GENERAL PHYSIOGRAPHIC PROCESSES . - - - - - ) 
GENERAL PHYSIOGRAPHIC FEATURES - - - - >J. W. Powell 
PHYSIOGRAPHIC REGIONS OF THE UNITED STATES are 

BEACHES AND TIDAL MARSHES OF THE ATLANTIC COAST Prot. N. S. Shaler 
PRESENT AND EXTINCT LAKES OF NEVADA - - - Prof. I. C. Russell 
APPALACHIAN MOUNTAINS—NORTHERN SECTION - - Bailey Willis 
APPALACHIAN MOUNTAINS—SOUTHERN SECTION - - - C. Willard Hayes 
MT. SHASTA—A TYPICAL EXTINCT VOLCANO - - - - J. S. Diller 

THE NEW ENGLAND PLATEAU - - - - - - - Prof. W. M. Davis 
NIAGARA FALLS AND ITS HISTORY - - - - - - G. K. Gilbert 


Single monographs, 20c. Complete set, bound in cloth, $2.50. 


Remit with order to AMERICAN BOOK COMPANY, 


New York ~ Cincinnati e Chicago 





Ripans Tabules assist digestion. 


TERRESTRIAL MAGNETISM 


AND 


ATMOSPHERIC ELECTRICITY 


An International Quarterly Journal 





Conducted by L. A. BAUER, 
With the Co-operation of Eminent Magneticians and Electricians. 





ITH the March, 1899, issue, this Journal, devoted exclusively to Terrestrial Magnetism, Atmos- 
pheric Electricity, and allied subjects, such as Earth Currents, Auroras, etc., entered on its fourth 

volume. The hearty co-operation extended by the workers in this promising field of investigation, as 
abundantly shown by the numbers thus far issued, has made this Journal the international organ for 
making known the latest achievements. The magnetic needle has become such a promising instrument 
of research, not only in terrestrial, but in cosmical physics, that this Journal appeals to a large class of 
investigators. The geographer, the geologist, the astronomer, the meteorologist—all are interested in 
the development of the subject of terrestrial magnetism It should therefore receive their support. 

Among the contributors of the main articles in the past have been Messrs. Barus, Borgen, Chree, Com 
mander Davis, Eschenhagen, Hellmann, Littlehales, McAdie, Rticker. Schmidt, Schuster, de illo, von 
Bezold, Mascart, and Abbe. 

Future numbers will contain contributions by Mascart, Rticker, Elster and Geitel, Eschenhagen, 
Hellmann, Hayford, Littlehales, Schmidt, and others. 


Special features in future numbers will be full abstracts and reviews of recent publications prepared 
by competent reviewers and the series of fine half-tone portraits of eminent magneticians 

The size of the Journal is royal octavo, a volume embracing about 256 pages. Domestic subscription 
price: Two dollars and fifty cents. Foreign subscription price: Two dollars and seventy-five cents. 


Address: 
TERRESTRIAL MAGNETISM, 


Coast and Geodetic Survey, Washington, D. C. 
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PASSENGER DEPARTMENT 
OF THE 


Southern Pacific Railway, 


and will be sent to any one, postpaid, 
on receipt of TEN CENTS. 
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Please mention this Magazine when writing to advertisers. 
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For the most complete, authoritative, and 
attractive publication on the KLONDIKE, 
send for the April, 1898, number of THe 
NationaL GeocrapHic Macazine, containing 
large official map and numerous illustrations. 


By mail for 25 cents. 
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For the best up-to-date description of 
CUBA, physical, political, and industrial, send 
for the May, 1898, number of THe Nationar 
GeocrapHic Macazine, containing numerous 
maps, diagrams, and illustrations, including fine 


yortrait of Captain Chas. D. Sigsbee, U.S. N. 


I 
By mail for 25 cents. 
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For a chart of the world, 48 by 30 inches, 
showing all CABLE AND OVERLAND 
TELEGRAPH LINES, and also COAL- 
ING, DOCKING, AND REPAIRING 
STATIONS, with explanatory article, send 
for number 3 of volume 7, NationaL GEOGRAPHIC 


MacazinE. By mail for 25 cents. 





